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DQG UHOLDEO\ HVWLPDWH WKH UHOHYDQW JHRPHWULF IHDWXUHV VXFK DV QRUPDO YHFWRU DQG FXUYDWXUH RI WKHVH GLVFUHWH GDWD
SRLQWV LQ FRPPRQ &$'&$0 DSSOLFDWLRQV DV WKH WKHRUHWLFDO &$' PRGHO PD\ QRW EH DYDLODEOH >@ 7\SLFDO
DSSOLFDWLRQVRIWKHVHJHRPHWULFIHDWXUHVLQFOXGHVHJPHQWDWLRQRIWKHSRLQWFORXGGDWD>@JHRPHWULFVKDSHLQIHUHQFH
VXUIDFHUHFRQVWUXFWLRQ>@DQGUHJLVWUDWLRQ>@
/DFNRIDQDO\WLFDOIRUPXODVPDNHVFXUYDWXUHFRPSXWDWLRQDFRPSOH[VWHSLQVXUIDFHVREWDLQHGIURPSRLQWFORXG
GDWD7KHFXUYDWXUHHVWLPDWLRQWHFKQLTXHVDUHXVXDOO\FODVVLILHGLQWZRFDWHJRULHVWKHVXUIDFHILWWLQJPHWKRGDQGWKH
GLVFUHWHPHWKRG,QVXUIDFHILWWLQJPHWKRGDIXQFWLRQLVFKRVHQWRPRGHOWKHORFDOVXUIDFHVKDSH,WKDVEHHQRQHRI
WKH PRUH SRSXODU DQG VWDEOH WHFKQLTXHV IRU FXUYDWXUH HVWLPDWLRQ 7KH GLVFUHWH PHWKRG HPSOR\V HLWKHU D GLUHFW
DSSUR[LPDWLRQ IRUPXOD IRU WKH FXUYDWXUH RU DQ DSSUR[LPDWLRQ RI WKH FXUYDWXUH WHQVRU IURPZKLFK FXUYDWXUH DQG
RWKHUGLIIHUHQWLDOSURSHUWLHVFDQEHHVWLPDWHG2QHRIWKHPDLQPRWLYDWLRQVIRUGHYHORSLQJWKLVPHWKRGLVWRDYRLGWKH
FRPSXWDWLRQDOFRVWVDVVRFLDWHGZLWKWKHVXUIDFHILWWLQJPHWKRG*HQHUDOO\WKHGLVFUHWHPHWKRGOHDGVWRVRPHJDLQLQ
FRPSXWDWLRQWLPHDWWKHFRVWRIDWWDLQDEOHDFFXUDF\>@
7KH SUHVHQW ZRUN IRFXVHV RQ WKH UHOLDEOH HVWLPDWLRQ RI WKH FXUYDWXUH HVWLPDWLRQ IRU SRLQW FORXG GDWD $ QHZ
PHWKRG IRU SRLQW FORXG FXUYDWXUH HVWLPDWLRQ LV SURSRVHG WKDW FDQ XVHG LQ SRLQW FORXGV UHJLVWUDWLRQ ZLWKUHGXFHG
FRPSXWDWLRQDOFRVWV7KHPHWKRGFDOOHGXPEUHOODFXUYDWXUH
7KHHVWLPDWLRQSURFHGXUHZRXOGLQYROYHWKHIROORZLQJWKUHHPDLQVWHSV
,GHQWLI\WKHKRPRJHQRXVQHLJKERULQJSRLQWVIRUHVWLPDWLQJWKHQRUPDOYHFWRU
(VWLPDWHWKHQRUPDOYHFWRUEDVHGRQSRLQWVLQWKHORFDOQHLJKERUKRRGDQG
&DOFXODWHXPEUHOODFXUYDWXUHIRUHDFKSRLQWLQSRLQWFORXGGDWD
1HLJKERUVGHWHUPLQDWLRQDQGQRUPDOYHFWRUHVWLPDWLRQ
7KRXJKGLVWDQFHEDVHGQHLJKERUVDUHSRSXODUO\XVHGLQWKHOLWHUDWXUHPDLQO\EHFDXVHRIWKHLUVLPSOLFLW\KRZHYHU
WKH UHVXOWV DUH QRW YHU\ VDWLVIDFWRU\ HVSHFLDOO\ZKHQ WKH SRLQW GLVWULEXWLRQ LV XQHYHQ >@ 7KLV SDSHU XVHV D QHZ
PHWKRGFDOOHGKRPRJHQHRXVQHLJKERUKRRGIRUGHWHUPLQLQJQHLJKERUV LQSRLQWFORXGV7KLVPHWKRG LQDGGLWLRQ WR
WKHGLVWDQFHWDNHVLQWRFRQVLGHUDWLRQWKHGLUHFWLRQDOEDODQFH7KHGLUHFWLRQDOEDODQFHGHVFULEHVZKHWKHUWKHQHLJKERUV
DUHZHOO VSUHDGDURXQG WKHSRLQWRIFRQFHUQ)RU WKHSRLQWVZLWKXQHYHQGLVWULEXWLRQDV VKRZQ LQ)LJXVLQJN
QHDUHVWQHLJKERUVDOJRULWKPLVQRWGHVLUDEOHIRUQRUPDOYHFWRUHVWLPDWLRQ7KHKRPRJHQHRXVQHLJKERUVDUHVKRZQLQ
)LJE7KLVDOJRULWKPLVGHVLUDEOHIRUWKHQRUPDOYHFWRUHVWLPDWLRQDQGGHWDLORIZKLFKLVWREHSXEOLVKHGODWHU

)LJDNQHDUHVWQHLJKERUVEKRPRJHQHRXVQHLJKERUV
)RUWKHHVWLPDWLRQRIWKHVXUIDFHQRUPDOYHFWRULQDSRLQWFORXGVWKHFRYDULDQFHPDWUL[ZLOOEHDSSOLHGVLQFHWKH
ILUVWRUGHUSODQHILWWLQJLVHTXLYDOHQWWRWKHHLJHQYDOXHSUREOHPRIWKHFRYDULDQFHPDWUL[>@7KHVHWRIQHLJKERUVLV
GHQRWHG E\ 1SL 7R FDOFXODWH D QRUPDO YHFWRU WKH FHQWURLG RL RI 1SL LV FRPSXWHG ILUVW 7KH QRUPDO QL LV
D E
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GHWHUPLQHG XVLQJ 3ULQFLSDO &RPSRQHQW $QDO\VLV 3&$7R FDOFXODWH WKH QRUPDO WKH FRUUHVSRQGLQJ FRYDULDQFH
PDWUL[RI1SLLVIRUPHGDVIROORZV
ܯ௖௢௩ ൌ σ ሺ ௜ܺ௫೔אேሺ௉೔ሻ െ ௜ܱሻሺ ௜ܺ െ ௜ܱሻ்
,Iɉ୧ଷǡ ɉ୧ଶǡ ɉ୧ଵDUH WKH HLJHQYDOXHV RI0FRY DVVRFLDWHGZLWK XQLW HLJHQYHFWRUVɌ୧ଷǡ Ɍ୧ଶǡ Ɍ୧ଵDQGɉ୧ଵ ൏ ɉ୧ଶ ൏ ɉ୧ଷ  WKHQɌ୧ଵLV
WKHQRUPDOYHFWRURIGDWDSRLQWSL6LQFHWKHRULHQWDWLRQVRIWKHQRUPDOYHFWRUYDU\DQDGMXVWPHQWPHWKRGPXVWEH
LPSOHPHQWHGWRPDNHDOOQRUPDOYHFWRUVIRUZDUGHGWRWKHVDPHVLGHRIWKHVXUIDFH6XSSRVHWZRSRLQWVLMIURPRQH
SRLQWFORXGDUHJHRPHWULFDOO\FORVH,GHDOO\ZKHQWKHVXUIDFHLVVPRRWKE\FRQVLGHULQJKLJKGHQVLW\LQSRLQWFORXG
WKH FRUUHVSRQGLQJ QRUPDO YHFWRUV QL QMPXVW EH QHDUO\ SDUDOOHO LQ WKDW୧Ǥ ୨ ؆ േͳ ,I WKH SODQHV DUH FRQVLVWHQWO\
RULHQWHG୧Ǥ ୨ ؆ ͳRWKHUZLVHHLWKHUQLRUQMVKRXOGEHFKDQJHG6RZHVKRXOGDVVLJQDQRULHQWDWLRQWRWKHVWDUWLQJ
SRLQW ,IGXULQJ WUDYHUVDO WKHFXUUHQWQRUPDOYHFWRUKDVEHHQDVVLJQHG WKHRULHQWDWLRQQL WKHQH[WQRUPDOQM WREH
YLVLWHGLVUHSODFHGE\QMRQFH୧୨ ൏ Ͳ)LJVKRZVDFRQVLVWHQWQRUPDOYHFWRURULHQWDWLRQRIDSRLQWFORXG
8PEUHOODFXUYDWXUH
&XUYDWXUHLVWKHJHRPHWULFDOSURSHUW\DQGDJRRGLQYDULDQWIHDWXUHRIORFDOVXUIDFHV,WFDQVKRZFKDQJHVRIWKH
VXUIDFHVKDSHDQGLVLQYDULDQWWRURWDWLRQWUDQVODWHDQGVFDOLQJ>@7KHUHDUHPDQ\ZD\VWRGHILQHFXUYDWXUH:KHQ
DQDO\WLFDOIRUPXODLVDYDLODEOHIRUDVXUIDFHFXUYDWXUHFDQEHFDOFXODWHGE\IROORZLQJIRUPXOD
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/DFN RI DQDO\WLFDO IRUPXODV IRU VXUIDFHV LQ SRLQW FORXGVPDNHV LW QRW DSSOLFDEOH SRVVLEOH WR XVH WKH DQDO\WLFDO
PHWKRGVRRQHJRRGZD\ LV ILWWLQJD VXUIDFHRQDSRLQWDQG LWVQHLJKERUV$TXDGUDWLF VXUIDFHPD\EH ILWWHG WR.
QHDUHVWQHLJKERUVRISRLQWRIFRQFHUQWRHVWLPDWHWKHFXUYDWXUHRISRLQWRIFRQFHUQ>@
ݖ ൌ ݎሺݔǡ ݕሻ ൌ ܽ଴ݔଶ ൅ ܽଵݕଶ ൅ ܽଶݔݕ ൅ܽଷݔ ൅ ܽସݕ ൅ ܽହ 
7KHOHDVWVTXDUHPHWKRGPD\EHXVHGWRHVWLPDWHWKHSDUDPHWHUVDDDDDDRIWKLVTXDGUDWLFVXUIDFHDQG
WKH*DXVVLDQFXUYDWXUH.DQGWKHPHDQFXUYDWXUH+DUHFDOFXODWHGE\WKHGLIIHUHQWLDOJHRPHWU\
ܭ ൌ ௅ேିெమଶሺாீିிమሻ  ሺͶሻ
ܪ ൌ ாேିଶிெାீ௅ଶሺாீିிమሻ   ሺͷሻ
:KHUH( U[āU[) U[āU\* U\āU\/ U[[āQ0 U[\āQ1 U\\āQDQGZKHUH WKHVXEVFULSWVGHQRWHSDUWLDOGHULYDWLYHVRI WKH
TXDGUDWLFVXUIDFH7KHSULQFLSDOFXUYDWXUHVNNDUHFDOFXODWHGE\WKH*DXVVLDQFXUYDWXUH.DQGWKHPHDQFXUYDWXUH
+>@
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ቊ݇ଵ ൌ ܪ െ ξܪଶ െ ܭ݇ଶ ൌ ܪ ൅ ξܪଶ െ ܭ
  ሺ͸ሻ
$QRWKHUGHILQLWLRQRI FXUYDWXUH FDOOHGFXUYHGQHVVXVLQJSULQFLSDO FXUYDWXUHVNN IRU FDOFXODWLQJ FXUYDWXUHRI
VXUIDFHV&XUYHGQHVVH[SUHVVHVLQWHQVLW\RIFKDQJHRIFXUYDWXUHDFFRUGLQJIROORZLQJIRUPXOD
ܥ ൌ ටሺ௞భమା௞మమሻଶ   
7KHFRYDULDQFHDQDO\VLVPHWKRGKDVEHHQDOVRXWLOL]HGIRUWKHHVWLPDWLRQRIORFDOFXUYDWXUHHVWLPDWLRQXVLQJWKH
UDWLREHWZHHQWKHPLQLPXPHLJHQYDOXHDQGWKHVXPRIWKHHLJHQYDOXHV7KLVPHWKRGRIFXUYDWXUHFDOFXODWLQJFDOOHG
WKHVXUIDFHYDULDQFH6XUIDFHYDULDQFHLVDSSURSULDWHIRUSRLQWFORXGVEHFDXVHLWRQO\XVHVWKHFRRUGLQDWHRISRLQWRI
FRQFHUQDQGLWVQHLJKERUVDQGLQFRPSXWLQJLWLVQRWWLPHFRQVXPLQJ>@
ܯ௖௖ሺ݌௜ሻ ൌ ఒభσ ఒ೔య೔సభ   ሺͺሻ
7KHDLPRIFXUYDWXUHHVWLPDWLRQLQWKLVSDSHULVLWVDSSOLFDWLRQLQUHYHUVHHQJLQHHULQJ6RPHDSSOLFDWLRQVDUHSRLQW
FORXGVGHQRLVLQJVHJPHQWDWLRQGDWDUHGXFWLRQ DQGUHJLVWUDWLRQ7KHQRYHODSSURDFKIRUFDOFXODWLQJFXUYDWXUH
SUHVHQWHG LQ WKLV SDSHU LV WKH XPEUHOOD FXUYDWXUH 7KH LGHD RI FDOFXODWLQJ FXUYDWXUH E\ XVLQJ XPEUHOOD FXUYDWXUH
LQVSLUHGIURPVKDSHRIXPEUHOODLQGLIIHUHQWSRVLWLRQV:KHQXPEUHOODLVFORVHGWKHFXUYDWXUHRIXPEUHOODVKDSHLV
KLJK DQGZKHQ LW LV RSHQ WKH FXUYDWXUHRIXPEUHOOD VKDSH LV ORZ8PEUHOOD FXUYDWXUHYDOXH LV FDOFXODWHGE\XVLQJ
QRUPDOYHFWRUDQGYHFWRUVEHWZHHQWKHSRLQWRIFRQFHUQDQGWKHLUQHLJKERUVDFFRUGLQJWRWKHIROORZLQJIRUPXOD
݇௨௠ ൌ σ ܣܤܵሺሺே೔ି௣ሻȁே೔ି௣ȁ ή ݊ሻ௜଼ୀଵ   ሺͻሻ
QQRUPDOYHFWRUDWSRLQWS SSRLQWRIFRQFHUQ 1LKRPRJHQHRXVQHLJKERURIS
:LWKWKLVGHILQLWLRQDOOFXUYDWXUHVDUHPDSSHGLQWRWKHLQWHUYDO>WR@EDVHGRQWKHSRVLWLRQRIQHLJKERUVRIWKH
SRLQWRIFRQFHUQ)RUH[SODLQLQJ WKHSURSRVHGPHWKRGXPEUHOODVKDSH LVGHPRQVWUDWHG LQSRVLWLRQV RSHQVHPL
FORVHGFORVHGLQ)LJ8PEUHOODVKDSHLVFRQVWUXFWHGE\WKHSRLQWRIFRQFHUQDQGLWVHLJKWKRPRJHQRXVQHLJKERUV
:KHQXPEUHOODLVFORVHGWKHVXPRIYHFWRUVSURMHFWLRQVEHWZHHQWKHSRLQWRIFRQFHUQDQGWKHLUQHLJKERUVRQQRUPDO
YHFWRULVODUJHFORVHWRHLJKW%\RSHQLQJWKHXPEUHOODWKLVDPRXQWLVUHGXFHG:KHQXPEUHOODRSHQVDVVKRZHGLQ
)LJWKHSURMHFWLRQVYDOXHVDUHHTXDOWR]HURWKDWPHDQVWKHXPEUHOODFXUYDWXUHLVHTXDOWR]HUR8PEUHOODFXUYDWXUHV
FRUUHVSRQGLQJ WR WKUHH SRVLWLRQV LQ )LJ  DQG QHLJKERUV FRRUGLQDWH VKRZ LQ WDEOH  $V VKRZQ LQ)LJ LI WKH
XPEUHOOD FXUYDWXUH LV FORVH WR ]HUR WKHQ WKH VXUIDFH FRQVLVWLQJ RI D SRLQW DQG LWV QHLJKERUKRRG LV D SODQH )RU
H[DPLQDWLRQ KRZ WKLV QHZ FXUYDWXUH HVWLPDWLRQPHWKRGZRUNV LW LV XVHG LQ FXUYDWXUHEDVHG UHJLVWUDWLRQ RI SRLQW
FORXGV)LQDOO\WKHUHJLVWUDWLRQUHVXOWVDUHFRPSDUHGZLWKDQRWKHUFXUYDWXUHEDVHGUHJLVWUDWLRQPHWKRGFDOOHG6XUIDFH
9DULDQFH

)LJ2QHSRLQWDQGWKHLUKRPRJHQHRXVQHLJKERUVLQWKUHHGLIIHUHQWSRVLWLRQV
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7DEOH8PEUHOODFXUYDWXUHIRUSRVLWLRQVVKRZHGLQ)LJ
8PEUHOODFXUYDWXUH1HLJKERU1HLJKERU1HLJKERU1HLJKERU1HLJKERU1HLJKERU1HLJKERU1HLJKERU3RLQWRIFRQFHUQSRVLWLRQ
[FORVHG
\
]
[6HPLFORVHG
\
]
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7DEOHVKRZVUHJLVWUDWLRQUHVXOWVIRUERWKPHWKRGV5HVXOWVVKRZXPEUHOODFXUYDWXUHFDQEHXVHGIRUFXUYDWXUH
HVWLPDWLRQ
  7DEOHFRPSDULQJUHVXOWVRIUHJLVWUDWLRQ
0HDQRI
FXUYDWXUH
DPRXQWV
&DOFXODWLRQ
WLPH
VHFRQG
5HJLVWUDWLRQHUURU
PPFXUYDWXUH
6XUIDFHYDULDQFH
8PEUHOODFXUYDWXUH
&RQFOXVLRQ
,Q WKLV SDSHU VXUIDFH FXUYDWXUH LV FDOFXODWHG EDVHG RQ QRUPDO YHFWRU DQG QHLJKERUV ULQJ FRRUGLQDWH 6XUIDFH
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SHUIRUPV WKHFXUYDWXUHRIDVDPSOHVXUIDFHZDVHVWLPDWHGE\ WKHXPEUHOODFXUYDWXUHDOJRULWKP7KHVDPHVXUIDFH
ZDVXVHGIRUFXUYDWXUHZLWKVXUIDFHYDULDQFHPHWKRG7KHUHVXOWVDUHWKHQFRPSDUHGERWKLQWHUPVRIDFFXUDF\DQG
VSHHGRISURFHVVLQJ7KHUHVXOWVVKRZWKDWWKHXPEUHOODFXUYDWXUHDOJRULWKPSHUIRUPVZHOODQGLVVXSHULRULQWHUPVRI
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HYDOXDWLRQWKHVXEMHFWRIZKLFKWKHDXWKRUVDUHLQYHVWLJDWLQJ
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